Abstract-Most autistic people present some difficulties in developing social behavior, living in their own world. This study has the goal to improve the social life of children with autism with a main focus in promoting their social interaction and communication. It is necessary to call for children's attention and enforce their collaboration, where a robot, LEGO MindStorm, behaves as a mediator/promoter of this interaction. A set of experiments designed to share objects and fulfill simple orders, by the 11 years old autistic child at the time of daily routine work and in-game with the robot, are described. The generalization of the acquired skills by the child in new contexts and environments are also tested. Results are described showing the outcomes of the experiments.
these individuals, the process of game development is characterized, in most cases, by an accentuated lack of imagination and interest for effective exploitation of objects.
Through time, specific methodologies have been used on young children with ASD due to an earlier identification of the problem. It is known the evidence that early intensive intervention may result in substantially enhanced outcomes [9, 10] . Applied behavior analysis (ABA), the TEACCH method, developmental models, speech and language therapy, social skills instruction, occupational therapy and sensory integration therapy are some of the intervention strategies to enhance communication [9, [11] [12] [13] [14] , teach social skills [14] [15] [16] [17] [18] and reduce interfering mal adaptive behaviors [15, 19, 20] .
However, new technologies appear as complementary to existing methods to develop and improve other skills in people with autism. Thorough research [21] [22] [23] focuses on the application of robots into the classroom for children with autism, with the main goal of supporting professionals/ therapists and families in the development of the children cognitive capabilities, social interaction and communication skills. Robots seem to work as a key tool able to call for attention of autistic children, and therefore promote their cognitive and social development [24] .
The work presented in this paper is part of a larger collaborative project [25] [26] between the University of Minho, APPACDM (an association for mentally disabled people) of Braga and the Special Education Unit of Gualtar Primary School in Braga. The project"s main aim is to develop a robotic tool able to improve the social life of children/adolescents with autism, in particular to promoting their social interaction and communication. The robot can be used simultaneously as a complement to daily therapy as well as an alternative to the therapist in their rehabilitation tasks. This releases the therapist and enables the children to perform more intensively, and possibly, even at home. The first steps in this project were given in a case study dedicated to adolescents with ASD and mental impairments, where a robot Lego MindStorm with different configurations was used. Carers, therapists and researchers have previously discussed and plan in detail each of the experiments, according to each adolescent characteristics.
The behavioral impact resulting from this study [25, 26] , enabled to verify the adequacy of employed this technology to improve the social life of autistic people.
Following this trend a new research study was now focused on answering the question: "Can the robot be assumed as promoting stimulus in establishing social interactions with children with ASD?" To solve this problem, a mobile modular robotic platform was used as a means (a mediator/promoter) to: a) encourage active participation of the autistic child, and b) promote the social interaction between the child and the others, exploring the concept of generalization of acquired skills.
This article is structured as follows. Section I, introduces the research focus of the paper. Section II describes the related work and highlights the main differences regarding the presented work. Section III describes the applied methodology, including the overall setup. Several scenarios were provided, being changed the following variables: the environment where the trail took place, the person with whom the child played with: acquainted or unknown people, and with and without the presence of the robot. Results are presented and discussed in Section IV. The article ends with conclusions and the future steps of the project.
II. RELATED WORK
Therapists of emotional, cognitive and physical impairments use different props to support therapeutic processes. For example, a wide range of toys to foster externalization can be found in children´s therapists" working rooms. More recently, the use of robotic toys have been explored to facilitate the therapeutic process of children with ASD, with the robot acting as a mediator between the child and the therapist.
Project AURORA (AUtonomous RObotic platform as a Remedial tool for children with Autism) [27] has been working for several years on the use of robotic systems applied to autistic children. This project looked into how autonomous mobile robots could support children to become engaged in different interactions. The authors concluded that 1) the robot is safe for children use/play, 2) the large majority of children are not afraid of the robot, 3) the children are very motivated to interact with the robot, 4) the children are usually more interested in the robot playing in 'interactive' mode compared to the robot showing noninteractive behavior and 5) the children have no problem coping with the robot behaving reactively but are not completely predictable.
The humanoid robot Robota overcomes some limitations of the previous work, offering a larger range of relations, providing new interactions such as mimicking movements of body parts as well as more complex interactions [22] .
Thus, Robota is a doll-shaped robot which uses a motion tracking system to copy upwards movements of the left and right arm of the user when the user faces the camera and reacts to touch. Studies with Robota have two targets: 1) to test systematically the reaction of low-functioning children with autism to the different human features of the robot; 2) to evaluate the extent to which low-functioning children with autism are able to distinguish between perceptions being the result of their own actions from perceptions that are the result of the actions of others. To measure the latter, Robota engages the children in simple imitation games, using the legs, arms and head [22] .
KASPAR is an autonomous robot in call-and-response games, where its goal is to imitate the human partner"s [28] . The human partner plays a rhythm which KASPAR tries to replicate, in a simple form of imitation. Their approach focused on few expressions and few sensors in order to emphasize the most salient human-like cues of the robot, running experiments that systematically study the influence of each of these cues when interacting with people. Interaction with KASPAR is a multimodal embodied interaction where the complexity of communication can be controlled, tailored to the need of the individual child and gradually increased. In conclusion, the researchers show that the use of KASPAR, not only can demonstrate some important interactional competencies, but also show a level of direct engagement and children appear to generalize this behavior at least to the other people in the room.
Keepon is a robot designed to conduct nonverbal interactions with children, to help to elaborate psychological models of the social intelligence development [29] . The goals of this project were (1) to confirm the effectiveness of their minimal design on attentive and emotive exchange with younger children, and (2) to study how the nature of these interactions changed across age, experience with the robot, and group dynamics. Their major claims are that (1) simple robots with minimal expressiveness can smooth natural exchanges of mental states in autistic children; (2) autistic children possess the motivation for this mental exchange; and (3) the major social difficulties that autistic children generally suffer from stem not so much from a lack of this motivation but rather from the difficulty in sifting out socially meaningful information [29] .
The work described in IROMEC project (Interactive Robotic Social Mediators as Companions) takes into account play needs of children focusing its educational and therapeutic goals on reducing children"s limitations by taking advantage of their strengths. The IROMEC play scenarios cover different goals in five different developmental areas (sensory, communicational and interaction, motor, cognitive and social and emotional). The researchers conclude that IROMEC as a programmable system (defined as play scenarios) can provide several stimuli that can promote the interaction with the child in different ways [30] .
In another line of work on this subject, some researchers have been developing techniques to measure and analyze human/robot interaction (HRI), which could be interesting to extend to the robot/child interaction.
Other interesting trend of investigation presents WearCam, a computer based approach to analyze social interaction experiments for the diagnosis of autism spectrum disorders in young children of 6-18 months of age [31] .
The authors presented an answer for the automatic analysis of videos from a head-mounted wireless camera for the assessment of social interaction measured as the proportion of time a child spends looking at faces. The system was able to detect more than 51% of the faces appearing in videos from free play in a cluttered environment. The authors justify the low percentage by saying that comparing to state of the art results, these run on data coming from constrained environments. The intense motion of the head, the wireless transmission noise and the sudden brightness and color intensity changes make the analysis of the WearCam videos challenging. One of the major issues of the system is that although mostly all the faces appearing in the video are detected fairly frequently, the detection is not continuous throughout the frames [32] .
In another research project, it is investigated how to increase HRI (Human Robot Interaction) to be used in autism intervention by giving the robot the skill to distinguish and answer to the affective states of a child with ASD. In order to achieve this goal, the authors develop affective models through psycho-physiological analysis and investigate the affect sensitivity during the closed-loop interaction between a child with ASD and the robot. The validation of this system is made from a proof-of-concept experiment (i.e., a robot-based basketball game), where the robot learns the personal liking level of each individual. Results demonstrate that the robot automatically predicted individual liking level in real time with 81.1% precision. The authors affirm that this is the first time that the affective states of children with ASD have been detected via physiology-based affect recognition technique in real time and that the impact of affect sensitive closed-loop interaction between a robot and a child with ASD has been demonstrated [33] .
The work presented in this paper refers to a study, which endorses social interaction by autistic children at the time of individual routine work and in-game with the robot. Furthermore, a comprehensive phase is dedicated to the generalization of the acquired skills when modifying the environment, task execution location, and by changing the scenario, playing/interacting with an unknown person.
III. METHODOLOGY
As mentioned before, the researched question considered in this study is "Can the robot be assumed as a motivating stimulus in establishing social interactions with children with ASD?" In the following is described the methodology applied to answer this question.
A. Research goal
After several meetings between the research team and the child therapists, teacher of Special Education and carers, it was established a program of psycho educational intervention, whose main purpose was to promote social interaction (included in the first Category of Childhood Autism Rating Scale (CARS) -Impairment in Human Relationships [34] ). Specifically, the objective was to promote the social interaction between adult/child, prospecting the functional goal, which desires sharing objects and fulfilling simple orders, by the autistic child at the time of individual routine work and in-game with the robot. The generalization of the acquired skills by the autistic child in new contexts and environments was also tested.
B. Environment, Participants and Sessions
The sessions took place at the Primary School of Gualtar in Braga, EB1/JI of Gualtar, in the Special Education Unit Department.
An 11 years old autistic child was chosen as the target group for the experiments (with the previous consent of his parents). He is not able to speak, but he is capable of producing vocalizations. He manifests difficulties in establishing eye contact, in the interaction with pairs and adults and, above all, difficulties in directing and keeping the attention. At the behavioral level, he reacts strongly to changes in daily routine by crying or even showing aggressive manners. He has not made acquisitions of academic skills: reading, writing and arithmetic calculation.
The activity set-up was constituted by: the researcher and the child, the robot, a guide-path and a ball. The bidirectional task assigned to the experiments constituted of throwing a ball by the child in the direction of the robot, upon request from the adult, and vice-versa, the robot sent the ball to the child, upon child verbal request.
All sessions were recorded for further video analysis and the frequency of the experiments was three days a week during one week. A short process of familiarization with the child and a pre-test were previously performed. It was made a re-test and started the generalization phase again during two weeks with four sessions (two days in each week). Next sub-section details the research program defined. The main goal of the first phase, Familiarization, was to get acquainted to the child and the integration of the researcher in his school environment. The researcher monitored the regular teaching activities, in two specified days, from 3pm to 5pm. During this phase, the researcher also identified the place where the experiments should be performed and where the camera should be placed to record the child movements. It was felt the need to incorporate the familiarization phase because it is necessary a closer relationship with the researcher (in normal context, it already exists between child family members and therapists).
C. Research Test Program
The Pre-test phase was the first test with the child, robot and researcher in the classroom. The objective was to check the first reactions carried out by the child towards the robot; this test is consider the reference to be compared to later test stages, where some variables (as the game partner or the experiment environment) were then changed. After demonstrating how the experience ran, researcher test model, the child was requested to "ask the robot for the ball". This phase lasted 30 minutes.
The third phase, Practice, ran in the classroom with the child, robot and researcher over three days during a week, during ten minutes sessions. In this phase, the task was introduced in the child daily work. Whenever the child correctly asked for the ball, the robot returned it. The objective was to test if the child had really acquired the competence.
The Re-Test phase was completed in one different day. This phase had the same conditions of the Practice phase with the objective to evaluate the consistency of learning that is if the child, after the interruption of the sessions, is able to successfully perform the task, i.e. whether he is able to respond to the initiative of the adult to interact.
Finally, the Generalization phase was performed during two weeks in three sessions. The main goal of this phase was to perform changes of context/models of the experiment, to evaluate child performance and compare to the Pre-Test results. Different environments were tested (classroom and playground), and also different models (with known and unknown game partners). Testing different models allow verifying if the robot worked as a promoter to improve child social interactions. Table 2 summarizes the tested configurations. 
IV. RESULTS
The results obtained in the Pre-Test are considered benchmark values to be compared to the results obtained in the following sessions. Thus, in 30 minutes of total Pre-Test session, the child interacts with the robot 8m30s. In Table 3 , the number of occurrences in each indicator described in sub-section III-E is presented. As it can be seen in Table 3 , in 30 minutes session, the child fixed the robot only four times, ignoring the robot more than a hundred times. He also showed stereotypies almost 100 times (manifests), manipulating the robot 58 times, 23 of which was asked by the researcher. In order to have a common basis for comparison the number of occurrences in each indicator obtained in the experiences and in the reference level (Pre-Test), the Pre-Test results (30 min session) were re-scaled to the time duration of the sessions, 10 minutes. The number of occurrences in each indicator, reference values, was then approximated to: Fixes -1, Ignores -37, Manifests -31, Manipulates -19, Demand -7. Table 4 presents the results obtained in the Practice phase, where the child performs the same task at request of the researcher. The first session was more dynamic, because the child was engaged 75% of the time, in the second session a little more than 50% and finally in the third session a bit more than 64%. Even so, it is still well above the time of interaction of the Pre-Test time which lies in 28%. In these three sessions, highlights the large number of times in which the child fixed in the experiment/robot and less the number of stereotypies manifested. In the Re-Test session, after one week of interruption of the sessions, the child was able to successfully answer to the initiative of the adult to interact. He did it 68 times, performing only 15 times stereotypies ( Table 5 ). The number of times that he ignored the robot equaled the lowest value so far obtained in the first three phases, as well in what concerns to the stereotypical behaviour. Finally, in the Generalization phase, as it was described in sub-section III-C, different scenarios were tested: session in playground and in classroom with known and unknown partners. Analyzing Table 6 , it can be seen the results concerning the experiments in the playground, with known and unknown game partners. As it is possible to observe, the child manipulated the robot without the need for the researcher demand. With unknown game partners, the child was perfectly able to answer the request and he did it autonomously. The number of stereotypies registered compared to the Pre-Test was not significant and the time of interaction was higher than 75%. The number of times the child ignored the activity was slightly the same of the Pre-Test but it was due to exterior distractions (bus movement).
The last scenario included an unknown game partner in the classroom. Is it important to underline that this session was performed without the robot, exactly to see if the child could generalize the game objective with a human. Thus, he almost did not presented stereotypies in the alltime session, manipulating the robot 50 times, 39 of which asked by the researcher. The interaction time reached almost 100%. V. CONCLUSIONS
In this paper, it was described and reported the results of several experiments performed with an eleven years old child with autism. The goal was to improve his social competences, especially to promote his social interaction and communication by using a robotic tool.
The authors were particularly interested in answering the question "Can the robot be assumed as promoting stimulus in establishing social interactions with children with ASD?" Thus, a mobile modular robotic platform was employed to encourage the active participation of the autistic child, and promote his social interaction. Carers, therapists and researchers have previously discussed and planned in detail each of the experiences, according to the child characteristics.
The results obtained in all phases (Table 8 ) compared to the ones from the Pre-Test session and considering that the child manifested difficulties in directing and keeping the attention, point toward a positive response to the initial research question. In fact, the child managed to perform the task in several constraints, despite the weak results in the Pre-Test. Interaction in 10m 2m50s 6m35s 9m12s 9m23s
The criteria of success previously defined for this experiment, split into four types of success, were achieved in full. Although, when defining the experiences, the therapists doubt the child could successfully accomplish the test, at the end and in spite of being in different environments and with unknown partners, the child managed to interact and play with others and pronounced simple words. It is worth referring that it was the first time the child played, for a long time interval, with the robot and with known and unknown partners.
In future work special attention will be devoted to better understand the evolution of interaction with time and in different conditions/scenarios. Additionally, other experiments will be addressed, trying to involve strong goals of traditional therapies in these robotic experiments. It is also our aim to extend this research to more autistic people.
